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In the period frot, July 1963 to July 196I., 59 studies were reported 
dealing with sc®e facet of science education at the college and university 
level although several were not published until 1965. Proa this group, 

2>t studies have been selected for abstracting. Some papers have been in- 
cluded in this section not so much for the high quality of the research, 
but because they represented first attempts in areas previously unexplored 
to any great extent. All 59 reports are categorised into the nine "fields 
for investigation" suggested by the national Association for Research 
in Science Teaching. It should be noted that the section on administration 
and s.«)ervision is omitted due to the lack of studies seeming to fit clearly 
into this division. Several of the reports, particularly those in teacher 
education, night well have been Included in either the secondary or ele- 
mentary sections of this book, but have been Included here, for, although 
they have implications for the teaching of elementary and secondary school 
science, they directly involved college and university courses for teachers. 
Other studies Involved both advanced high school and coUege students, 
but have also been included in this section. 

ANALYSIS 

StuMes Related to Phnosophy and 0b.1ectlvea.-nmv one study was completed 
>*lch seemed to belong to this field of investigation, that done by terman. 
His survey of the changes in the teaching of college physics in the United 
States during the twentieth century showed little apparent change in the 
methods of teaching physics as revealed by comparing textbooks of physics, 

the periodical literature of college physics teaching, and other pertinent 
publications I i*rom I900 to the present. 
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Studies Related to Publ ic Policy .— -Nichols and Strauss both made significant 
studies related to selection of scientific careers. The former involved 
nearly 68,000 semi-finalists in the National Merit Scholarship Program from 
1957“63 and found that scientific research, engineering, teaching, and 
medicine were the most popular fields. Although « 3 cience and engineering 
continued to attract a large number of students, this trend was decidedly 
downward and the popularity of the humanities and social sciences was in- 
creasing. The popularity of physics as a mcijor field of college study 
showed the greatest decline among the sciences. One encouraging sign is 
that among this group of highly able students , teaching as a career was 
rising in popularity, especially among males. The Strauss study was made 
of 162 professors from the University of Wisconsin and nine Europecui 
universities in biological science, physical science, social science, 
and the humanities. All were established researchers and were Interviewed 
in person to determine what influenced selections of their general and 
sjiecialized career fields. It was concluded that in making career choices 
the most important time is the undergraduate period, and the most important 
influence is self-generated interest in the subject matter, with teachers 
playing a decidedly secondary influential role. 

Two studies involved advanced degrees, one dealing with doctorates in 
education (Strauss), the other with potential doctorates in geology, geo- 
physics, and oceanography (Henderson). Henderson found in an AGI survey 
of 171 schools that the supply of undergraduate majors in geoscience is 
too small to furnish continued growth at the graduate level in this field. 
Strauss surveyed 6,968 doctorates conferred by Itoited States universities 
in 1957 of which 1,078 were in education. Upon analysing their high 
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school backgrounds he found that when compared with doctors in other major 
fields^ those in education had been lowest in high school graduating class 
rank, had come in disproportionate numbers from small high schools, had 
attained their doctorates at a decidedly older age, had lower average IQ»s 
when converted to the Army General Classification Test scale, and had 
fewer doctorates per thousand high school graduates in each of the nine 
geographic regions of the United States as defined in the study. The 
evidence also indicated that those who earned the Ed.D, (803) and those 

who had taken the Ph.D, in education (275) were very similar in their 
backgrounds . 

Winslow’s study of the services of American science educators in 
underdeveloped nations found that a total of 28U had served on over 350 
separate missions in imderdeveloped countries, 75J? since i960. These 
services involved writing textbooks and handbooks, teaching, directing 
teacher training, and speaking in numerous workshops and institutes. 
Seventy-five percent of the work was done in East Asia and definite trends 
were noted in the direction of an increased quantity of science education 
and elevation of standards in teacher training, 

A study with interesting implications for science curriculum designers 
was completed by Richman and involved 171 experienced physical science 
teachers. Each teacher was sent an identical set of communications about 
a hypothetical new science curriculum, which varied only in the reported 
social status of its authors or the time spent in preparing the program, 
and the teachers were asked to react to it. The data collected showed 
that those science teachers, given a physical science course outline 
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allegedly written over a period of three years, accepted the outline at 
a significantly higher level than did science teachers who had received 
i^®ntical coininuni cation presuinahly written over a period of only 
five days* A significantly higher acceptance was also reported for 
those science teachers who had received a course outline from a group 
of research scientists as compared with those who received the same out- 
line from a group of laboratory technicians* 

Studies R elated to Curriculum *— Two studies were made of introductory 
college science courses, one in general biology and one in physics* 
Kochersberger in comparing the achievement of students in a community 
college with those in a university found that the community college pro- 
vided satisfactory instruction in general biology with a better chance 
for academic survival among the less well prepared students* Using 
the PSSC physics curriculum with undergraduate non-physics majors, Henkel 
found certain general critical thinking abilities were more thoroughly 
developed than in a more traditional physics comrse* 

Introductory college chemistry textbooks from 1930—60 were surveyed 
by Scott to determine their use of analogies* He prepared a listing and 
classification of all analogies, and developed guidelines to make clear 
the theoretical basis for teaching through euialogy* Brewlngton studied 
the freshmen chemistry students at the University of Arkansas and found 
the University's Algebera Test to be a valid Instrument for predicting 
academic success in beginning chemistry* 

Although not generally considered a part of science education, two 
studies in home economics have been reported because of their implications 
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for health education. A historical review of the origins, development, 
and present status of home economics and nutrition teaching by means of 
a questionnaire on undergraduate nutrition courses and teacher preparation 
employed by 72 institutions was conducted by Jordan. The public's general 
health knowledge, including students, seems to be gradually improving 
on various health topics, according to Kilander's study, although this 
improvement was not considered equal for each of the major health areas 
or for certain individual topics. In addition to these studies, Kowalski 
developed criteria for a college science honors program for general 

education, and Emira developed a sourcebook on solar energy for science 
teachers. 

S tudies Related to Learning .. -Hoover and Schutz administered a 92-item 
attitude inventory to 785 juniors and seniors of lU different institutions, 
392 of whom were forestry and science majors, and 393 non-science majors. 
The study suggested that ordinary "science education" had little impact 
on basic conservation attitude patterns. De Sena studied l,06l freshmen 
male students enrolled in science curricula at the Pennsylvania State 
University and concluded that common non-intellectual factors in the areas 
of interests, personality, problem areas, values, personal background, 
and academic and social adjustment to college could be identified as charac- 
teristics of consistent over-, under-, and normal-achievers as individual 
groups and which significantly distinguished them from each other. Brown 
used a questionnaire to assess the motivational practices employed by 88 
Chemistry Departments in universities throughout the United States. From 
the 75 returned, there appeared to be definite distinctions between general 
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education chemistry courses and the first chemistry course for chemistry 
majors. There seemed to be no universal attempt to motivate students in 
a general education chemistry course, and the teaching procedures varied 
considerably, Murray tested a model for the interpretation of concept 
formation using 1,075 college biology students. The model was composed 
of cognitive information store, information processing, and emotional 
"set” store, and was /analyzed by various specific tests. The results of 
this study suggested that the development of research for "analytic ap- 
proaches" to learning biological knowledge, rather than focusing on per- 
formances after leairning has taken place , ought to be the key concern 
in teaching. 

Studies Related to M ethods , —Programed instruction as a teaching method 
received the greatest amount of study during this period with five dif- 
ferent sets of programed science materials being developed. Brown developed 
a program for college physical science, Joseph one in college physics, 
Nuraberger in ionizing radiation, De Lap and Leonardson in chemistry, and 
Pkiibbs a laboratory program in general biology dealing with fiangi. All of 
the studies showed the students using the programed materials did as well, 
and in sme cases slightly better, than those not using the programs as 
evaluated by various achievement criteria. 

Several studies were undertaken to compare the relative effectiveness 
of various teaching methods with the "traditional" method of descriptive 
lecturing. Finger, Dillion, and Corbin Jointly analyzed achievement of 
students enrolled in introductory college physics courses at Brown University 
as to the type of secondary school physics (PSSC, Conventional, None) 
they had taken. The marks in physics which could be predicted for each 
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group from their SAT-V and SAT-M scores were compared with the actual marks 
received. An analysis of covariance failed to show reliable differences 
among the three groups, although it was noted that the observed differnces 
favored the PSSC group. Four other studies — Fredenburg*s study of the 
everyday topic approach as opposed to the historical-logical-subject matter 
orientation in general physical science; Schefler's comparison of the 
"discovery” and "traditional" methods in the freshman biology laboratory; 
Stoppel*s analysis of the depictive and quantitive versus the traditional 
approach to teaching college chemistry; Zitelli's study of a cooperative 
teaching method versus a single teacher approach in basic physical science 
for non-science majors; and Strope*s comparison of factual teaching and 
conceptual teaching in introductory college astronoray~all showed no sig- 
nificant differences between the two methods upon analysis of student 
achievement , 

Another set of reports dealing with methods involved the development 
of various teaching innovations. Joseph developed a program in physics 
en^loying computer work, Musulin found operator formalism in dimensional 
analysis and statistical analysis to be feasible in the first year chemistry 
course, and O’Neill developed biology laboratory experiments to demonstrate 
the effects of certain hormones and hormone inhibitors on the development 
of young chickens, Evans reviewed selected literature and designed a pro- 
gram in general education using science as a system of inquiry. Kaplan 
found it possible to teach students to be more empirical, although no 
definitive statistical difference was established by teaching empiricism 
directly to students in a one— year integrated biology course as compared 
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with >ther science courses not teaching empiricism directly* White’s study 
showed no significant differences in the biology knowledge and final grades 
of 174 general biology students taking four hours of laboratory per week 
and 157 taking only two hours per week. However, there were significant 
differences in achievement levels as measured by the laboratory composites. 
Studies Related to Facilities and Equipment. — There were no studies reported 
on facilities for college science teaching and only four on equipment in- 
novations, and these primarily involved development, excluding systematic 
evaluation. Two of these dealt with the development of anatomical models 
for use in biology courses. Naiman designed and produced a dissectable 
model of the human brain and Silverstein analyzed the effectiveness of 
student construction of three-dimensional anatomical models of the fetal 
pie. 

Two additional studies dealt with various kinds of apparatus. Morris 
had a panel of physical science teachers evaluate new demonstration 
apparatus for use in general education physical science courses. Ewing 
developed a series of pre-assembled instruments with uniform input and 
output connectors and a supply of patch cords so that the student could 
interconnect them in any desired manner to form different modules for use 
in analytical chemistry. 

Studies Related to Teacher Education .— An interesting study involving 
teacher preparation was Bunnell’s survey of differential participation 
in NSF institutes by high school teachers from the rural, urban, and 

suburban and city ureas of Chicaso. It was found that participants 
tended to be the better prepared teachers, there tended to be greater use 
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of institutes by urban and suburban teachers, the majority of the Chicago 
city teachers who attended Instututes went to in-service programs; and 
those schools with the majority of their science and math teachers NSF 
institute alumni had twice as many classes using the new NSF sponsored 
curricula (S^6G, PSSC, CBA, CHEMS, BSCS) as those schools having less 
than half of their science and math teachers as institute alumni. 

Six of the reported studies were designs or evaluations of curriculum 
programs in science for the preparation of elementary teachers. Hardin 
evaluated the adequacy of the University of Miami program from both the 
overall elementary school science area and from identified sub-areas of 
elementary school science and found prospective elementary teachers in- 
adeqiiateJy prepared in science, although there was a degree of preparation 
in each of the defined sub-areas. Howe and Buell suggested using the 
biological principles presented to elementary school students in the 
fourth, fifth, and sixth grades; and Thomas suggested using a uni-phylum 
approach to zoology via the Arthropoda as the basis for a pre— service 
biology course for elementary education majors. Kisner found the science 
content of prospective elementary school teachers in eight Oklahoma 
institutions to be compatible with the preparation recommended by authorities, 
but Noser found the majority of the elementary school teachers of a group 
of 1|,9^5 New York teachers to have inadequate science backgrounds, with 
22 % having had no science training whatsoever beyond the high school level. 
Service analyzed the science . education • programs in the California 
elementary schools, investigated the recommendations and requirements in 
academic science for the prospective elementary school teacher, and then 
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made recominendations regarding the nature and substsmce of the science 
preparation of elementary teachers. 

Several studies also dealt with the preparation of seconda5ry science 
teachers. Anderson’s general analysis of the preparation programs for 
secondary school science teachers made of 78 institutions revealed a 
great diversity with several phases of the program at a majority of the 
schools appearing inadequate in breadth and depth of science in experiences 
planned specifically for the science teacher and in experimentation , with 
the majority of the prospective science teachers taking less. than 505? of 
their course work in science. Stapleton evaluated two programs of student 
teacher supervision of student teachers in science and found the program 
of intensified college supervision produced a higher level of performance 
as compared to the performance of a control group without such supervision 
as evaluated through ratings of supervising teachers and college supervisors 
each of whom used the Revised Indiana and Cornell Scales. Other studies 
included a survey of the events and trends in programs for the preparation 
of astronomers in the United States from 1947-60 by Claridge, a proposed 
curriculum for the preparation of earth science teachers by Shrum, and a 
curriculum designed for the pre-service preparation of secondary school 
physical science teachers in Jordan by Farhan. 

Studies Related to Evaluation and Research Design .— Two studies, one by 
Kaibert and the other by Woodward, analyzed various factors in students' 
records to determine the predictability of achievement in college chemistry 
in the former and college physics in the latter. Woodward found the 
college cumulative average and the college mathematics average to be the 
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beat predictors, while Nalbert found the average grades attained la all 
high school ’nathematlcs courses to be the best predictor. Both studies 
thereby agreed on the importance of adequate mathematics preparation for 
high achievement in college chemistry and physics. The other studies in 
this area were less related and included an evaluation of a general physical 
science course at the University of Oklahoma by Yoesting and Renner showed 
that the course made a significant contribution toward developing student 
ability to think critically. Also, Carr developed a new type of evaluation 
technique in which he graded sophomore physics laboratory work with the 
aid of a computer, finding it was more effective in determining significant 
figures in calculations, in finding arithmetical errors, and in determining 
the accuracy of the cedculations, while requiring only one-eighth of the 
time of hand-grading. And Kapfer used a group of Judges from the fields 
of science education, education, biology, chemistry, and physics to estab- 
lish a list of 116 V€d.idated criteria for evaluating research and their 
application to science education. 

INTERPRETATION 

Although the efforts to locate all studies completed in college 
science education during this period were probably not conqaletely effective, 
it is assumed that the majority of the research has been identified. Of 
the 59 studies thus recorded, it is of interest to note that 38, or almost 
two-thirds, of these were completed as doctoral theses or dlss.ertations. 
Inasmuch as these, by their very nature, represent the investigators* first 
research efforts , it would be hoped that a greater amount of research 
might be conducted by those more e^erienced teachers or researchers edready 
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in the field. A further trend worthy of noting is that there were ap- 
proximately the some number of experimental, analyticed, and synthetic 
studies, although over half of the t ly experimental reports were in the 
one area of teaching methods. Therefore, there would seem to be a need 
for a greater amount of experimental work covering more areas. The research 
was also limited almost exclusively to freshmen level college courses which 
would seem to leave a tremendous gap in critical analysis of our total 
college and university science programs. 

Some encouraging points include the increased number of studies in 
the areas of learning, and facilities and equipment, for these were areas 
virtu^ly unexplored in previous work. The numerous attempts to evaluate 
the ”new” -discovery, inductive, open-ended, or concept-centered method 
of science instruction seems to be a premising sign of a possible carry 
over from the recent NSF sponsored curriculum developments in the high 
school sciences and mathematics. However, it should be mentioned here 
that many of these studies suffered from faulty design, and therefore, 
their true value is very limited. Even though much of this research 
showed no differences in achievement between "traditionauL” and "new” 
methods, this does not necessarily mean that the experimental curricula 
are better or worse, but rather that in many cases the evaluative Instruments 
are still inadequate. This is not always due to the lack of appropriate 
instruments— for new ones appear in several of the reported studies— but 
more often to their unavailability. It seems apparent throughout all edu- 
cational research that there is now a definite need for a central clearinghouse 
to collect, evaluate, and categorize the various instruments as they are 
developed. 
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*♦* 

In teacher education, the great concern over the inadequate preparation 
of teachers in science particularly at the elementary level, and the several 
curriculum designs for filling this void are are also hopeful. Although 
there vas only one reported attempt at analyzing the comparative achievement 
of college students in the various sciences as to their high school prepa- 
ration, namely ’’traditional” versus ’’modern”— and this may he due to the 
relatively small number of students in college having had any of the ’’modern” 
high school curricula— it is encouraging. Hopefully more studies of this 
nature €U*e being conducted at present, for inasmuch as these new curricula 
are considered better than adequate preptiration for college, it would seen 
Important to determine the validity of this assumption. 

In general, then, it would appear that there is still an abundance of 
reseeirch to be done in college science education. Not only do numerous 
problems need solving, but much basic investigation is needed to clearly 
define new problem areas. ^jThe reported surveys of college physics teaching, 
geoscience programs, and the preparation of astronomy teachers, all are 
practically pioneering efforts. ' Although some of these programs clearly 
lack polish, they are at least a beginning. 
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A LIST OF STUDIES - 1963-196^1 



Anderson, Norman D» An Analysis of Programs for the Prepar- 
ation of Secondary-School Science Teachers. (Unpublished dis- 
sertation for the Ph.D. degree, Ohio State University, March 

1965.)* 



Brewington, William Iven. A Statistical Analysis of Low 
Achieving Freshman Chemistry Students at the University of 
Arkansas. (Unpublished dissertation . for the Ed.D. degree. 
University of Arkansas, 1963. Disseratation Abstracts, June 
1961*, p. 5TO-571.) 



Brown, Lester Benjamin. Motivation Practices in University 
General Education Chemistry Courses. (Unpublished dissertation 
for the Ph.D. degree, Ohio State University, I 963 . Dissertation 
Abstracts, May 196^*, p^ U466-l*ii67. ) 



Bruwn, Willard A. An Es^erlment Using Programmed Material as 
Supplemental Instruction in College Physical Science. (Un- 
published dissertation for the Ed.D. degree. University of 
Florida, August I 963 . Dissertation Abstracts, August 1964, 
p. 104l. ) 



Bunnell, Robert A. An Analysis of Differential Participation 
in National Science Foundation Institutes by Hi^ School Teachers, 
(Unpublished dissertation for the Ph.D. degree. University of 
Chicago, September 1965 .)* 



Carr, Howard E. Computer Grading of Physics Laboratory 
Reports. (CPA H l64l. Auburn University, September 1962. List 
of libraries with copies is available from the Office of Health, 
Education, and Welfare, Washington, D.C.) 



Claridge, Geoffrey George. A Study of the Events and Trends 
in Programs for the Preparation of Astronomers in the United 
States 1947 - 1960 . (Unpublished dissertation for the Ph.D. 
degree. University of Wisconsin, August I963. ) 



DeLap, James H. and Marsha J, Leonardson. Programmed In- 
struction in Chemistry. (Teacher Interning Project, Stetson 
University, May 196^*) 



De Sena, Paul Ambrose. Identification of Non-Intellectual 
Characteristics of Consistent Over — , Under — , and Normal — 
Achievers Enrolled in Science Curricula at The Pennsylvania 
State University. (Unpublished dissertation for the Ed.D. 
degree, Pennsylvania State University, 1963. Dissertation 
Abstracts, February 1964, p. 3144-3145.) 



Emira, Ibrahim. Bassyounl. Solar Energy; A Sourcebook for 
Science Teachers. (Unpublished dissertation for the Ed.D. 
degree, Columbia University.) 



Evans, Charles Kelland. Science as a System of Inquiry - 
Focus for a General Education Program. (Unpublished disser- 
tation for the Ed.D. degree. University of Florida, August 

1965 . ) 



Ewing, Galen W. Modular Instrumentation in Analytical Chem- 
istry. Journal of Chemical Education, 42:32-34, January 1965. 



Farhan, Ishaq Ahmad. Guidelines for Designing a Curriculum 
for the Pre-Service Education of Secondary School Physical 
Science Teachers in Jordan. (Unpublished dissertation for the 
Ed.D. degree, Columbia University, 1964. Dissertation Ab- 
stracts, July 1964, p. 310-311.) 



Finger, John A., John A. Dillon and Frederic Corbin. Perfor- 
mance in Introductory College Physics and Previous Instruction 
in Physics. Journal of Research in Science Teaching, 3:61-65, 
March 1965. 



Fredenburg, Robert L. Interest Change Occasioned by Two 
IVpes of Instruction in a College General Education Physical 
Science Course. (Unpublished dissertation for the Ph.D. degree 
Syracuse University, March 1965.) 
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Hardin, Henry N. An Analysis of Selected Aspects of Science 
Preparation of Prospective Elementary Teachers at the Univer- 
sity of Miami. (Unpublished dissertation for the Ed.D. degree. 
University of Miami, January I 965 .) 



Henderson, Bonnie C. Advanced Degrees to be Scarcer. Amer- 
ican Geological Institute's Ninth Annual Survey. American 
Geological Institute, Washington, D.C., May 196^4.* 



Henkel, E. Thomas. A Study of Changes in Critical Thinking 
Ability as a Result of Instruction in Physics. (Unpublished 
dissertation for the Ph.D. degree. University of Toledo, 

June 1965 . )• 



Hoover, Kenneth H. dcid Richard E. Schutz. Conservation Atti- 
tudes of Science Majors as Coiqpared vrith Those of Non-Science 
M€^)ors. Journal of Resecurch in Science Teaching . 2:108-110, 
June I 96 U.* 



Howe, John E. and R. R. Buell. Use of Biological Principles 
Presented to Elementary School Students in Grades U, 5 and 6 
€us a Basis for Pre-Service Biology Course for Elementary 
Education Majors. (Unpublished thesis for the M.Ed. degree. 
University of Toledo, May 1965 .) 



Jordan, Gladys E. The Development of the Foods and Nutrition 
Major Area of Study in Home Economics and the Current Status 
of Nutrition Teaching. (Unpublished dissertation for the 
Ed.D. degree, Columbia University > April 1965.) 



Joseph, Alexander. Linear Programed Physics, 196 O-I 965 . 
Bronx Community College, January 1965* 



Coxnputor Assisted Instruction in Physics. Bronx 

Community College, January 1965 . 



. The Development, Field Testing €uid Evaluation of 

a One Year Course by Programed Instruction in Physics for College 
Freshman and High School Seniors. Bronx Community College, 

1964. (Also available from the National Society for Programed 
Instruction, Trinity College, San Antonio, Texas.)* 
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Kapfer, Philip G. Criteria for Evaluating Research and Their 
Application to the Science Education. (Unpublished dissertdtioD 
for the Ph.D. degree, Ohio State University, Jxine 196U.)** 



Kaplan, Eugene H. Empiricism as a Function of Training in the 
Scientific Method. Journal of Research in Science Teaching , 

ltd), 1963. • 



Kilander, H. Frederick. The Health Knowledge of High School 
and College Students. One Factor in Curriculum Planning. 
Personal Study, VJagner College, Staten Island, New York, 1965* 



Kisner, Andrew Jackson. Science Content Preparation of Pros- 
pective Elementary School Teachers in Eight Oklahoma Institutions 
of Highez* Education. (Unpublished dissertation for the Ed.D. 
degree, Oklahoma State University, 1963. Dissertation Abstracts , 
August 196ii, p. 1031-1032.) 



Kochersberger, Robert C. A Comparison of Achievement of Gen- 
eral Biology Students in a Community College with Similar 
Students in a University as Related to Their Backgrounds. 
(Unpublished dissertation for the Ed.D. degree. State University 
of New York, November 196ii.)* 



Kowalski, Stephen Wesley. Criteria for a College Science 
Honors Program for General Education. (Unpublished disserta- 
tion for the Ph.D. degree,, New York University, I 96 U. Dis- 
sertation Abstracts, August 196^*, p. 938-939* ) 



Lerman, Noah. An Analysis of Some Changes in the Teaching 
of College Physics in the United States During the Twentieth 
Centiury. (Unpublished dissertation for the Ph.D. degree, 
Washington State University, May 196 U. )* 



Morris, Maurice F. Ixnprovement of Selected Demonstration 
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